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PROGRESS IN THE STANDARDIZATION OF STAINS 
CERTIFICATION LABELS 
A new style label has just been adopted by the Stain Commission 
for the use of companies whose stains have been tested and found 
satisfactory. In announcing it, a few words as to the significance 
of the certification label, and the types of label in use, seem advisable. 
The extreme difficulty of drawing up any chemical or physical 
standards for a satisfactory stain has made it necessary to adopt 
a rather empirical method of standardization. The specifications 
at present drawn up by the Commission for the various stains contain, 
in addition to the chemical and physical requirements, a clause 
essentially as follows: “The sample must prove satisfactory in 
method for staining This point should be 
tested by someone familiar with the technic in question.” It is 
hoped that eventually it may be discovered just what physico- 
chemical characteristics indicate a satisfactory stain in each particular 
instance and that then such clauses as these may be dropped from 
the specifications; but that time is still some distance in the future. 
In order to apply such a requirement as that quoted above— 
especially in view of the fact that two batches of a dye may differ 
in their staining qualities without detectable difference in chemical 
characteristics—it is necessary to submit each individual batch of 
any stain to an expert in the procedures for which it is used. This 
is done with all the stains sent in to the Commiss on for certification, 
as well as having them submitted to a physico-chemical analysis. 
The certification label on any bottle of stain means, therefore, 
five things: (1) a sample of the batch bearing the label has been 
submitted to the Commission for testing and a portion of the sample 
is permanently on file in the chairman’s office; (2) the sample proves 
true to type, as judged by spectrophotometric tests; (3) its dye con- 
tent is up to specification and is correctly indicated on the label; (4) 
it has been tested by experts in the procedures named on the label 
and has been found satisfactory by them; and lastly, (5) no other 
batch can be sold under the same certification number except by 
such a flagrant breach of confidence on the part of the company 
as to risk losing the good will of the Commission. 
It is important that a label of such significance should be dis- 
tinctive; and altho labels of more than one type have been in use 
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they have all been easily recognized at a glance. Two forms of 
labels have been in use from the beginning: one a large label 114 by 
3% inches, on which the name of the stain is printed either with or 
without the name of the manufacturer; the other is much smaller, 
1 by 134 inch, bearing nothing but the certification statement. 
This certification statement, appearing on both forms of labels is 
as follows: 

“Found satisfactory by Commission on Standardization of Biolo- 
gical Stains for purposes mentioned on label. Use for other purposes 
not contra-indicated unless specifically so stated on said label. Will 
users please report any unsatisfactory results to the chairman, 
H. J. Conn, Geneva, N. Y.” 

These labels have always been printed in dark blue ink; and to 
make them more distinctive they have been in “reverse printing,” 
that is, the lettering has been white on a dark background. As a 














































































































Design used for background of new style labels. 


protection against fraudulent use they have borne the signature of 
the chairman. A statement has been added “Certification not valid 
unless label is embossed with Commission seal.’’ This seal has been 
embossed on all the labels before they leave the chairman’s office. 

It has been found, however, that the embossed seal makes it 
difficult for the manufacturers to handle the labels. Accordingly a 
new form of label has now been adopted which they can use more 
conveniently. On the new label the Commission seal is to be re- 
peated as a continuous background design (as on safety check paper) 
in light blue ink, and the statement concerning the lack of validity 
without the seal has been removed. The accompanying cut shows 
the background design adopted. 

The large label is otherwise almost exactly as it has been in the 
past. The small label, on the other hand, is to be slightly different; 
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for in order to make the background conspicuous, the certification 
statement must be printed in direct instead of reverse printing. 
The wording however, is unchanged. 

The new style labels will soon appear on the market. For some 
time both styles will be in use, however; and users must understand 
that there is no difference in their significance. 

In order that the companies may bear a part of the expense in- 
volved in the testing of stains, the certification labels are sold to 
the manufacturers or dealers at the rate of four cents a label. Charg- 
ing in this way for the work seems to be the fairest procedure. As a 
matter of fact, however, more work may be involved in testing a 
batch of some rare dye for a small company than a much used stain 
for a large company; while the former will call for perhaps fifty labels, 
the latter possibly a few thousand. 

It is a matter of some little interest to notice to what extent the 
money received in this way pays for the work involved in testing 
the stains. The work of the Commission might be divided into 
two parts: first, the actual testing of the stains submitted; and 
secondly, the research work and coordinating activities which are, 
in general, necessary for promoting the work, but are not strictly 
chargeable against the testing of samples for certification. It proves 
by consulting the books for the last two years that the receipts from 
the sale of certification labels pay about half of the first type of 
expenses, but only a small part of the second type. Much of the 
time, equipment and materials used, moreover, are contributed by 
individuals and institutions without expense to the Commission. 
The greater part of the cost of the research work and miscellaneous 
activities is borne by the Chemical Foundation. Altho their generous 
assistance is practically assured to the Commission for a considerable 
period, there is cause for gratification in that there is at least a small 
income available from the sale of labels, which would continue if 
the work should have to become independent of outside support. 

For the present, laboratory workers who find the certified stains 
more reliable than those formerly on the market must acknowledge 
their gratitude not only to the individuals and institutions cooperat- 
ing in the work, but also to the Chemical Foundation, whose presi- 
dent, Mr. Francis P. Garvan, had the vision to appreciate the value 
of the work when it was in its infancy. 





STAIN SOLUBILITIES 
PART II 
W. C. Hotmes 


Contribution No. 134 from the Color Laboratory, 
Bureau of Chemistry, Washington, D. C. 


ABsTRACT.— Data are given to show the unreliability of statements 
as to the solubility of any dye unless the dye tested is known to 
have been free from inorganic salts. The methods employed in the 
present work are outlined, and a table is given listing the solubility 
in water and in alcohol of twenty-three different dyes. 

Let us assume that we are preparing saturated aqueous solutions 
of crystal ponceau (C. I. No. 89; CooHi2N2SeO;Naz.7 H,O) at 23°, 
employing 100 gm. dye samples per liter of solvent, and that our 
various dye samples contain, respectively, (1) none, (2) 1%, (3) 5%, 
(4) 10%, (5) 20%, and (6) 50% of sodium chloride. From data 
supplied by P. Sisley! it may be calculated that the resulting solutions 
will have the following contents: 


Solution (1) (@) (3) (“& (6) ©) 

Gm. dye per liter 65.7 47.1 28.1 18.1 29 038 
Gm. salt per liter........ 0.0 10 5.0 10.0 20.0 50.0 
Gm. total solids per liter.. 55.7 48.1 33.1 23.1 22.9 50.3 


It is evident that the dve content of the saturated solutions, pre- 
pared under these conditions, decreases decidedly with increasing 
proportions of salt in the dye samples. Increasing the ratio of the 
dye sample to the solvent employed would therefore have the 
rather surprising effect of decreasing the amount of dye actually dis- 
solved. If 200 gm. of dye sample No. 3 instead of 100 gm. were 
used with a liter of water, the composition of the resulting solution 
would be identical with that recorded for solution No. 4. 

It is also evident that the determination of the total solids in such 
solutions does not afford any -reliable index of their actual dye 
content. 

It would appear unnecessary to cite such obvious facts did not 
the character of various solubility data on dyes which have been 
published render it apparent that they have not invariably been 
given due consideration. It has not been recognized universally 
that water-soluble dyes usually contain appreciable quantities of 
inorganic salts. With such products, the dye content of their 

1Sisley, P. Etude sur les colorants oxyazofques sulfonés et leur sals. Bull. Soc. 


Chem. (3) 25, 875. 1901. 
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dye and upon the ratio of dye to solvent employed as well as upon 
saturated aqueous solutions depends upon the salt content of the 
the solubility of the dye. Solubility determinations on such products 
are meaningless. 

In order to determine the effect which the common impurities 
present in dyes would have upon their solubility in 95% alcohol, the 
solubilities of new fuchsin and of orange IV at 26° were determined 
in pure 95% alcohol and in the same solvent saturated, respectively, 
with sodium chloride, Glauber’s salt and dextrin. The values tabu- 
lated below are recorded as grams of dye in 100 cc. of saturated solu- 
tion and were determined by means of titration with titanous chloride. 


New Fuchsin Orange IV 
In 95% alcohol 3.21 0.20 
In 95% alcohol saturated with salt....... 2.86 0.06 
In 95% alcohol saturated with Glauber’s salt 3.23 0.21 
In 95% alcohol saturated with dextrin... . 3.22 0.20 


Values obtained by the evaporation of aliquots of the solutions 
and the subsequent drying of the residues to constant weight at 110° 
checked these values except in the tests carried out with salt, in 
which instances they indicated that the solutions contained about 
0.2% of salt in addition to the dyes. In a further test it was deter- 
mined that 100 cc. of 95% alcohol dissolve approximately 0.19% of 
salt at 26°. 

It is evident that neither Glauber’s salt nor dextrin are sufficiently 
soluble in 95% ‘alcohol to exert any appreciable effect upon the 
solubilities of dyes therein. The limited solubility of salt in alcohol 
precludes the possibility of such considerable salt effects upon dye 
solubilities as may occur in aqueous solutions. Even in alcoholic 
solutions, however, it is possible to obtain reliable solubility data 
with dyes only when the materials employed are free from sodium 
chloride. 

Biological stains in general, contain decidedly less inorganic salts 
and other impurities than do textile dyes. Their salt content is 
usually sufficient, however, to render direct solubility determi- 
nations entirely futile. 

The solubility data reported below were obtained with dyes which 
were shown by spectrophotometric analysis to be representative 
products. The materials were purified by means of recrystallization 
from water or aqueous-alcoholic mixtures. Saturated solutions were 
prepared by means of continuous agitation of the solvents with an 
excess of dye in glass containers kept at 26° in a constant tempera- 
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ture bath. The agitation was continued for five days. At the end 
of that period the solutions were filtered, and measured or weighe« 
portions evaporated and dried to constant weight at 110°. In the 
majority of instances the values obtained by this means were checked 
by direct methods of dye analysis. For this purpose titration with 
titanous chloride was usually employed. With the Sudans it was 
found necessary to resort to the sulfonation of the isolated dyes in 
order to render such titrations feasible. With the halogenated 
derivatives of fluorescein it was considered necessary or advisable to 
employ the gravimetric method based upon the precipitation of the 
color acids.” 

The results obtained are recorded in Table 1. The values reported 
are expressed as grams of anhydrous dye per hundred cubic centi- 
meters of saturated solution. Bracketed values are expressed as 
grams of anhydrous dye per hundred grams of saturated solution. 

The investigation of the solubilities of other dyes is being continued. 


TaBie 1. Dye Souvusiiities at 26°C. 





95% 
Water Alcohol 
Martius Yellow (calcium salt); C. I. No. 9................ 0.05 1.90 
TA A Ae iia gence ardiemiaidis Ke Su eatneweinelt Nil 0.37 
ARN Ase NE 5 ipo oe Bon ore, Cove S-nties one oe Hale e GEL Nil 0.39 
Crystal Ponceau; C. I. No. 80... . 1.0... see e ce cece cece 0.80 0.06 
MPEG BOI OO. TINGS OB. oie. oie vi cis nivs ce ce nade ce ewes 0.16 0.20 
Resorcin Yellow; C. I. No. 148... 2.2... cece cece eee eee 0.37 0.19 
Sudan III; C. I. No. 248. ec tereraseiel Beis tera sto SO Nil 0.15 
Sudan IV; C. I. No. 258. Fee AL Naa re ONE Nil 0.09 
Pararosanilin (acetate); C. L No. 676... EC re cee 4.15 13.63 
-New Fuchsin (chloride); C. I. No. 678 1.13 3.20 
New Fuchsin (chloride)— Resorcin Addition Product*. se 0.94 5.74 
Methy! Violet; C. I. No. 680. PN a eee ee ee 2.93 (15.21) 
Crystal Violet (chloride); C. I. Ma 681. ya RR ee 1.68 13.87 
Crystal Violet (iodide). . eras etiis 0.035 1.78 
Crystal Violet (¢ Miactiie)~Teandn ‘Addition Pocbert.. 3k 0.28 13.84 
Crystal Violet (chloride) —Hydroquinone Addition Prediont. ; 0.30 8.39 
Crystal Violet (chloride)—Pyrocatechin Addition Product... 0.79 24.87 
A RO ee ny ae 2.18 
Eosin B; C. I. No. 771. soap ec Ee Pe iS oe LICE 0.75 
Erythrosin; C. I. No. 773. ‘ ere ae 1.87 
Methylene Blue (chloride); Cc. . No. 922. aoe | 3.55 1.48 
Methylene Blue (iodide) . . Xs SAE ene eee. 0.09 | 0.13 
New Methylene Blue N; C. I. No. 927. | (13.32) | 1.65 











*The various addition products of basic dyes and phenols listed are excellent stains 
for “acid fast’’ organisms and spores which resist staining with basic dyes alone. 


*Holmes, W. C. The Estimation of Erythrosine. Color Trade Journal 13,4. 1923 





SUBSIDIARY DYES IN METHYLENE BLUE 
W. C. Hotmes 


Contribution No. 136 from the Color Laboratory 
Bureau of Chemistry, Washington, D. C. 


ABSTRACT.—Suitable tests have been devised for the detection of 
azure B (trimethyl thonin) and methylene violet in methylene blue. 
All samples of methylene blue examined have been found to contain 
appreciable proportions of azure B. 

Methylene blue (hydrochloride) is probably used by biologists in 
more numerous and varied ways than any other dye. In many of 
its applications, the subsidiary dyes formed during manufacture or 
the alteration products formed in the preparation of its solutions or 
in their treatment, rather than the dye itself, constitute the primary 
staining agents. An instance in point is the recent discovery by 
Dr. Marian Irwin! of the Rockefeller Institute that it is not methylene 
blue which normally enters the living cell, but azure B, or trimethy] 
thionin. The fundamental importance of this discovery in its bearing 
upon the theory of protoplasmic behavior has served to emphasize 
the need of developing reliable tests for the detection of oxidation 
products of methylene blue, end particularly of azure B, in solutions 
or samples of the dye. 

Direct spectrophotometric analysis is unsuitable for this purpose. 
The absorption bands of the coloring matters in question are suffi- 
ciently well separated in spectral location to afford a means of ready 
and positive identification with relatively pure samples. With 
mixtures of two or more of the dyes in which each component is 
present in a comparatively large proportion spectrophotometric 
analysis will reveal the presence of each component and afford a 
rough criterion of the proportion in which it occurs. Whereas, 
however, the spectrophotometer is of the greatest utility in determin- 
ing the gross character of any sample, its accuracy is insufficient for 
the detection of dyes which are present in only small proportions. 
It is probable, for example, that a sample of methylene blue which 
contains less than 5% of azure B would prove practically indis- 
tinguishable from the pure dye. 

MacNeal’s tests? have some times been applied to methylene blue 


‘Irwin, Marian. Does methylene blue penetrate into living cells? Proc. Soc. 
for Exper. Biol. and Med. 24, 425. 1927. 

’MacNeal, W.J. Methylene violet and methylene azure. J. of Inf. Dis. 3, 427. 
1906. 
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by biologists. They were devised primarily for application with 
azures to obtain evidence respecting the completeness of the oxida- 
tion of the methylene blue in their manufacture and to differentiate 
between azures, methylene violet and unaltered methylene blue. 
For the specific purpose of detecting small quantities of azure B in 
methylene blue the conditions of MacNeal’s scheme of analysis 
appear unsuitable. Operation with decidedly alkaline solutions is 
involved and it is well known that methylene blue is extremely 
susceptible to oxidation under such conditions. Appreciable quan- 
tities of azure B might be formed from the methylene blue in process 
of testing. The following qualitative test is free from this objection. 

About 0.1 gm. of methylene blue is dissolved in 25 c.c. of M/15 
borate buffer solution’ diluted with an equal volume of distilled water 
and shaken thoroly with 25 c.c. of chloroform in a separatory funnel. 
The chloroform layer is removed cleanly and filtered twice through 
filter paper. If azure B is present in the dye the chloroform will 
contain small amounts of both azure B (blue) and azure B base 
(red) and will appear violet. If the chloroform is now shaken with 
ordinary distilled water (or water containing traces of acetic acid) 
the azure B will enter the aqueous layer in which it may be identified 
positively by means of a spectrophotometer. If the methylene blue 
contained methylene violet, the chloroform will remain pink after 
repeated shaking with distilled water, but the methylene violet may 
then be removed practically completely by shaking with a molecular 
solution of hydrochloric acid (pH 1), in which it dissolves with a red- 
violet color. 

The foregoing test for azure B may be considered specific for all 
practical purposes, and may be employed for the detection of that 
dye in azures as well as in methylene blue. Under the given con- 
ditions neither methylene blue nor azure C* (monomethy] thionin) 
will leave the aqueous solution and enter the chloroform. Azure A 
(asymmetrical dimethyl thionin) will enter the chloroform in small 
quantities only, and this does not occur unless its concentration in 
the aqueous layer is considerable. In testing an azure which consists 
principally of azure A, accordingly, a faint test would not constitute 
conclusive evidence of the presence of azure B. It would be necessary 
to demonstrate the presence of azure B in the extracted color by 
spectrophotometric or other means. With this minor qualification, 
however, the test may be accepted as reliable. 


8Clark, W. M. The determination of hydrogen ions. Williams and Wilkins 
Co., Baltimore, Md., 1920. 

‘Holmes, W. C., and French, R. W. The oxidation products of methylene blue. 
Stain Techn. 1, 17. 1926. 
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Altho the extraction of azure B from aqueous solution under 
the conditions of the test is far from complete, the delicacy of the 
test is adequate for all practical requirements. It will serve readily 
for the detection of azure B in methylene blue when present in as 
small proportions as 0.05% (or somewhat less). 

The test for methylene violet is specific, since azures will not 
remain in the chloroform when it is shaken with water which is 
faintly acid. The presence of methylene violet in any sample may 
be confirmed by dissolving the sample in ordinary distilled water 
(slighty acid) and shaking with ether. Only methylene violet will 
enter the ether, which will be colored red. The completeness with 
which methylene violet is extracted by organic solvents in such tests 
renders them comparatively sensitive. The presence of less than 
0.01% of methylene violet in methylene blue may be detected 
readily. . 

These tests have been applied to a considerable number of samples 
of methylene blue by the writer. The products tested were prin- 
cipally of the grades supplied for medicinal use or biological staining 
and were, accordingly, presumably the purest dyes available. The 
results obtained indicated that such dyes contain only traces of 
methylene violet, in general, but that they invariably.contain ap- 
preciable proportions of azure B. 

These results are readily accounted for. Methylene violet is 
formed from methylene blue in appreciable amounts only thro 
alkaline oxidation, and would not be expected to occur in products 
of normal manufacture. Azure B, on the other hand, is the initial 
oxidation product of the dye under both acid and alkaline conditions. 
Its formation would be anticipated in the oxidation which consti- 
tuted the final essential step in the dye synthesis, and it is possible 
that further oxidation might occur in drying the dye. Its formation 
by direct synthesis would also be anticpated, owing to the presence 
of small amounts of monomethy] anilin in the dimethy] anilin which 
is the basic intermediate in the manufacture of the dye. 

In view of the facility with which methylene blue undergoes 
oxidation, the synthesis of a thoroly pure product is probably 
impossible, even with absolutely pure intermediates; and it may also 
be questioned if a complete purification of the crude product is 
practicable. Market supplies of the dye, at all events, contain 
appreciable quantities of azure B. 





THE PREPARATION OF VITAL NEUTRAL RED! 
Max Puiiiies and BarNEtT COHEN 
Hygienic Laboratory, U. S. Public Health Service 


Asstract.—Neutral red iodide suitable for vital staining was 
prepared by condensing nitrosodimethylanilin hydrochloride with 
m-toluylenediamine and the indamine, toluylene blue, was obtained. 
This was subjected to air oxidation and converted to the eurhodine, 
neutral red. The purification of this dye was brought about by 
converting it into its comparatively insoluble stannous chloride 
double salt, filtering, dissolving in water, and precipitating the 
neutral red iodide with potassium iodide solution. This was re- 
dissolved in water, reprecipitated with potassium iodide solution 
and crystallized from 95% ethanol. The uncrystallized dye was also 
found satisfactory for vital staining. Several other preparations of 
neutral red iodide were made, using a somewhat different procedure 
than that given above, and it was generally found that satisfactory 
stains were obtained only when the preparation was free from 
toluylene blue. 

The chloride of the color base was prepared by continuing the air 
oxidation of the toluylene blue until a test sample indicated its 
complete conversion into neutral red. The color was salted out with 
sodium chloride and crystallized from 95% ethanol. Both the 
crystallized and uncrystallized products were found to be excellent 
stains. 

Ever since the war, when the foreign supply of biological stains 
was shut off, American biologists, bacteriologists and cytologists 
have been faced with the problem of developing a reliable domestic 
supply of these dyes. Much progress has been made in this direction, 
thanks to the efforts of the Commission on Standardization of Bio- 
logical Stains and the individuals associated with it, but much still 
remains to be done. 

In the case of neutral red for vital staining (‘‘vital neutral red’’) 
several investigators pointed out to us the great need for reliable 
preparations. Certain samples of pre-war neutral red were found to 
stain cells atypically and to exert certain undesirable toxic effects. 
These disadvantages are apparently present also in the Gribler 
post-war product. Neutral red suitable for vital staining must be 
free from all toxic impurities and we have found a method for pre- 


1Published by permission of the Surgeon General, United States Public Health 
Service. 
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paring the dye which is free from toxic effects and produces the 
normal cytological picture in vitally stained cells. 

In connection with a certain investigation now in progress in this 
laboratory, it became necessary to prepare pure neutral red. After 
several trials it was found that by somewhat modifying the method 
first proposed by Witt,? neutral red iodide could be obtained which, 
upon analysis, gave results agreeing closely with that calculated 
from its generally accepted formula (Colour Index No. 825). Samples 
of this neutral red iodide were submitted to two investigators’ who 
reported that the preparation was apparently equal in its staining 
properties to the pre-war neutral red of Gribler. The results ob- 
tained with this compound were announced in a preliminary note* 
from this laboratory. This problem seemed to us, however, of 
sufficient importance to warrant further investigation, and in this 
paper the results of a study of the preparation of neutral red iodide 
and chloride are presented together with a report on their suitability 
for vital staining. 

The starting materials for the preparation of vital neutral red were 
nitrosodimethylanilin hyrochloride and m-toluylene diamine. These 
two substances were condensed and the indamine, toluylene blue, was 
obtained. An aqueous solution of toluylene blue, when heated to 
boiling, is partly oxidized to the eurhodine, neutral red, and partly 


N=0 CH, 


(Y ‘e3 
+ | 
Cl 


st FPS 
sa H.N NH, 


(CH); % 
Nitrosodimethylaniline m-Toluylene 
hydrochloride diamine 


rd \aN/% \_CH; / \N=/ _ H; 


cl, | | | 
i aed vile + NH, 
(CH3). 


Toluylene Blue ‘Neutral Red 
(chloride) 


2Witt, O. N. Ueber neue Farbstoffe. Berichte der deutschen chemischen Gesell- 
schaft, 12, 931. 1879. 

3The preparation of neutral red iodide obtained in our preliminary experiments was 
tested by Dr. M. Richter of Bellevue Hospital, New York, and by Miss M. Borquist 
of Cornell University Medical College, New York, to whom our thanks are due. 

‘Phillips, M., and Cohen, B. The preparation of neutral red iodide suitable for vital 
staining. Stain Techn. 2,17. 1927. 
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reduced to the leuco base of toluylene blue. These two products o/ 
the reaction may be separated by taking advantage of the fact tha: 
the leuco base of toluylene blue forms a soluble salt with stannous 
chloride whereas neutral red forms a comparatively insoluble salt 
The elimination of the leuco toluylene blue may also be brought 
about by prolonged heating and aeration of the solution until it is 
all converted into neutral red. The reactions involved may be 
represented as on preceding page. 


EXPERIMENTAL 


PREPARATION OF TOLUYLENE BLUE (COLOUR INDEX No. 820). 
Thirty-six grams of nitrosodimethylanilin hydrochloride’ were 
dissolved in 500 c.c. hot water and allowed to cool to 30°C. To this 
was added, with continuous stirring, a solution of 24 g. m-toluylene 
diamine dissolved in 500 c.c. of water (temp. of this solution about 
30°C.) and the reaction mixture allowed to stand at room tempera- 
ture for several hours. The dye separated out in the form of glisten- 
ing blue crystals. Yield of air-dried product was 80% of theory. 
A sample of this was dried at 80°C. in partial vacuum (12 mm.) for 
24 hours and analyzed for nitrogen by the absolute method. 

Sub., 0.1095, yielded 17.2 c.c. Nz (763 mm., 25°C.) 

Calculated for C,;H,yNiCl+H.0: N, 18.14 

Found: N, 18.07 


CONVERSION OF TOLUYLENE BLUE INTO NEUTRAL RED IODIDE. 
Twenty-five grams of toluylene blue (air-dried) were dissolved in one 
liter of water and boiled for two hours while at the same time a 
current of air was passed thru the solution; and the volume was kept 
fairly constant by the addition of water at frequent intervals. The 
solution was then concentrated to about one-half its original volume, 
filtered hot and allowed to cool to room temperature. To this was 
added a solution containing 25 g. stannous chloride dissolved in the 
minimum amount of water. On standing in a cool place, crystals 
of the stannous chloride double salt of neutral red separated out, 
which were filtered off. This was dissolved in a liter of boiling water 
and filtered. To the cold filtrate, a 20% potassium iodide solution 
was added until a spot- test indicated that all of the dye had been 
precipitated. The dark brown precipitate of neutral red iodide was 
filtered off, and redissolved in about 700 c.c. hot water, the solution 
cooled to room temperature, and reprecipitated by the addition of 
potassium iodide solution. This was filtered off, washed with a 


5This was prepared according to the method given in L. Vanino’s Paparative Chemie, 
2, 669, 1923 ed. 
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little water and dried at 110°C. It was crystallized from 95% 
ethanol and was obtained as glistening green needles. It was dried 
at 80°C. Yield, 11 g.=35.7% of theory (calculated on toluylene 
blue taken). 

Analysis: sub., 0.2000 g; AgI 0.1262 

sub., 0.1085 g; yielded 13.9 c.c. Ne 
(762 mm. 27°C.). Calculated for C);Hi;Nil 
I, 33.38; N, 14.73 Found: I, 33.41; N, 14.62 

Neutral red iodide is considerably less soluble than the chloride. 
One hundred c.c. of a saturated aqueous solution at 26°C. contains 
0.15 g. of the dye and 100 c.c. of a saturated solution in 95% ethanol, 
at the same temperature, contains 0.17 g.° 

The neutral red iodide made as above described will be referred to 
as Stain No. 2. 

In order to determine whether the various steps given above for 
the preparation of neutral red are really necessary for obtaining a 
product satisfactory for vital staining, experiments were carried out 
in which the procedure for the preparation of the dye was varied. 
The following preparations of neutral red iodide were made: 

Stain No. 1.—This was prepared exactly as Stain No. 2 except 
that the product was not crystallized from ethanol. 

Stain No. 3.—The stannous chloride double salt of neutral red, 
prepared as above described (Stain No. 2) was dissolved in one liter 
of hot water, filtered, cooled to room temperature and precipitated 
once with potassium iodide solution. The dark brown precipitate 
thus obtained was dried at 110°C. 

Stain No. 4.—The toluylene blue solution was boiled for two hours 
as in the preparation of Stain No. 2. This solution was allowed to 
cool to room temperature and a 20% potassium iodide solution 
added. The precipitated iodide was filtered off, washed with a 
little cold distilled water and dried at 110°C. 

Stain No. 5.—This was prepared exactly as Stain No. 3 except 
that the product was crystallized once from 95% ethanol. 

Stain No. 6.—This constituted the product obtained by crystalliz- 
ing Stain No. 4 from 95% ethanol. 

Stain No. 8.—This experiment was carried out for the purpose of 
determining whether the purification step with stannous chloride 
could be eliminated. Twenty-five grams of toluylene blue were 
dissolved in a liter of distilled water and the solution boiled and 
aerated as above described (Stain No. 2). The course of the reaction 


’The solubility determinations were made by Mr. W. C. Holmes of the Color 
Laboratory of the Bureau of Chemistry, U. 8. Dept. of Agr. 
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was followed by placing a drop of water on a filter paper and then a 
drop of the dye solution on the wet portion of the paper. There is 
thus obtained a red spot having a colorless rim, but after exposure 
to the air for a minute or two this becomes blue (due to the oxidation 
of the leuco base of toluylene blue to toluylene blue). The heatiig 
and aeration process was continued until in a spot test the blue color 
was no longer obtained. This required about 12 hours. The hot 
solution was filtered, allowed to cool to room temperature, and the 
iodide precipitated by the addition of 20% potassium iodide solution. 
It was filtered off, washed with a little water and dried at 110°C. 


Stain No. 9.—This was prepared exactly as Stain No. 8, except 
that the product was finally crystallized from 95% ethanol. 

Stain No. 10.—Inasmuch as an authentic non-toxic sample of 
pre-war Gribler neutral red, when tested qualitatively, was found 
to be the chloride of the color base, it seemed of interest also to 
prepare neutral red chloride and to test its suitability for vital 
staining. The neutral red chloride was prepared as Stain No. 8, 
except that instead of adding a potassium iodide solution, the neutral 
red chloride was precipitated by the addition of a saturated solution 
of sodium chloride. 

Stain No. 11.—This was prepared in the same manner as No. 10, 
except that it was crystallized once from 95% ethanol. 

The preparations of neutral red described in this paper were tested 
as to their suitability for vital staining by Dr. Florence R. Sabin’ 
of the Rockefeller Institute for Medical Research, who has submitted 
the following report: 

Stain No. 2.—‘‘This stain is perfect in dilution of 5 c.c. absolute 
alcohol to 70 drops? of the stain. It gives a beautiful range of color 
for the granules and does not inhibit motility. This stain is really 
quite perfect.” 

Stain No. 1.—“This stain made up in the proportion of 5 c.c. 
absolute alcohol to 60 drops of the stain is excellent. We test the 
neutral red in two ways. First as an indicator—the eosinophilic 
granules should show the alkaline reaction and the basophilic should 
show the acid reaction. With this stain the eosinophilic granules 
were orange and the basophilic were a scarlet red. We test also 
motility, and the motility was not cut down by the stain.” 

Stain No. 3.—‘‘This stain cannot be used. It is too acid and too 
toxic.” 


’The authors wish herewith to express their thanks to Dr. Sabin for the generous 
cooperation she has given thruout this investigation. 
8Of a saturated solution of the stain in absolute ethanol. 
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Stain No. 4.—“This stain seems to have no relation to neutral red. 
Dissolved in alcohol it gives a bluish color and reacts only with the 
basophilic cells, giving them a blue color.” 

Stain No. 5.—‘Dilution of 5 ¢.c. of absolute alcohol to 26 drops 
of the stain. This stain is good. As you will see, it is much stronger 
than the other dyes and we found its reaction a little uneven. Oc- 
casionally the cells were more fragile in this dye than at other times, 
but I think it can be used.” 

Stain No. 6.—‘This stain is excellent in dilution of 30 drops of the 
stain to 5 c.c. of absolute alcohol.” 

Stains Nos. 8 and 9.—“‘Thirty drops of the saturated dye solution 
to 5 c.c. aleohol were used. These two stains were good.” 

Stains Nos. 10 and 11.—“Eight drops of the saturated dye solution 
to 5 c.c. alcohol were used. These two stains are really excellent. 
The eosinophils have a true yellow tone of the alkaline reaction and 
the basophils the sharp red.” 

Discussion 

It will be seen from the above that of the ten preparations of 
neutral red tested, only two were found unsuitable for vital staining. 
Of these two, one (No. 4) was quite evidently contaminated with 
toluylene blue and the other apparently contained some impurities 
which were not removed in the single precipitation with potassium 
iodide solution. In all of the preparations, except No. 5, the un- 
crystallized product gave practically as good results as that crystal- 
lized from 95% ethanol. Apparently, either the iodide or chloride 
of the color base of neutral red may be used for vital staining. 
However, in using these two dyes it must be borne in mind that 
neutral red iodide is less soluble in ethanol than is the chloride and 
has also a considerably higher molecular weight, so that a saturated 
solution of the iodide actually has a smaller dye content. 
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Report of 
ComMITTEE ON BacTERIOLOGICAL TECHNIC, of the 
Society OF AMERICAN BACTERIOLOGISTS 


Prepared by H. J. Conn, Chairman, 
Agric. Exper. Station, Geneva, N.Y. 


ABsTRACT.—The results of a cooperative investigation on the 
Gram stain are reported. One hundred and twenty slides were made 
by a single technician in one laboratory and distributed to ten colla- 
borators. Each of these slides bore smears of six organisms, which 
were known to differ considerably from one another in their behavior 
to the Gram reaction. Identical directions were sent to all those 
taking part in the work as to how to perform the staining technic. 

In regard to four of the six cultures fairly consistent reports were 
received from all those taking part in the tests. The other two 
cultures, however, proved so variable in their reaction toward the 
staining method that it is impossible to consider them either Gram- 
positive or Gram-negative. Such organisms must be regarded as 
belonging to an intermediate group, and should be called Gram- 
variable. 

It is pointed out that these results agree with recent work, such 
as that of Churchman and of Stearn and Stearn; also that according 
to the theory of the latter investigators as to the relation between 
Gram reaction and the isolectric point of the bacteria, no sharp 
distinction between Gram-positive and Gram-negative organisms 
could be expected. 

These considerations are very important when interpreting results 
of the Gram technic in the study of pure cultures; but they do not 
invalidate its use in diagnostic work where it is ordinarily employed 
to distinguish strongly positive from strongly negative organisms. 

A report of this Committee some time ago (1922) dealt with the 
suitability of various samples of gentian violet for the Gram stain. 
Certain results of this investigation were of temporary interest on 
account of the unsatisfactory supply of stains then available, and 
were therefore published. Other interesting information, however, 
was collected at the same time in regard to the variability of the 
Gram reaction, and still more was obtained in a cooperative investiga- 
tion carried on by the committee the year following; but none of 
this information has yet been published. At present there seems to 
be considerable interest along this line as shown by recent papers of 
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Stearn and Stearn (1925), Burke (1926), and Churchman (1927); 
so it seems a good occasion to compile the results of this work in its 
relation to the Gram stain. 


SumMARY OF Previous ComMITTEE INVESTIGATIONS 


The work published in 1922 was the result of the collaboration of 
about a score of bacteriologists located at various laboratories. In 
this investigation a series of different gentian violets was sent to each 
of the investigators with instructions to use the samples in staining 
by the Gram technic. Each collaborator was furnished with three 
different cultures as follows: Bacillus cereus, as a strongly Gram- 
positive organism; a small short rod of the fluorescent group, as a 
decidedly Gram-negative organism; and lastly an unidentified 
micrococcus which had been found to be ordinarily Gram-positive 
altho often negative under certain variations of the Gram technic. 

In order to make the results rather more uniform than if each 
investigator was allowed to select his own technic, the following 
directions were given: 


“Twenty-four hour cultures should be used in the test, the coccus incubated at 37°, 
the other two at room temperature (or 25° if available). 

To make results strictly comparable the procedure should be carefully controlled 
and timed as follows: 

Stain thirty seconds. 

Drain but do not wash. 

Iodine thirty seconds. 

Drain but do not wash. 

Ninety-five per cent alcohol until no more stain is removed; not over two minutes. 

Keep in agitation, and transfer without washing to 

Counterstain thirty seconds. 

Wash and dry. 

Stain Formuae. The gentian, crystal or methyl] violet may be made up according 
to one or both of the following formulae. If only one formula is used, select formula A; 
but if convenient it is hoped that formula B may also be used for the purpose of 
comparison. 

A. Regular formula B. Optional formula 
Saturated alcoholic solution of Saturated alcoholic solution of 








95 per cent alcohol. 1 per cent ammonium oxalate 
Anilin water (1:49, filtered)... . 50 ce. solution....... anne ec Mee 
Lugol’s iodine solution ead be used (1 iodine:2 KI 300 om. 
The counter-stain may be selected according to personal ween’ 





MUMMIES. 6-015) a6: hei & Sal bra Aaa IAT eR ES ae . (1:10) 
NINN os oh carnnc nee dn caue atlases tuscan . (1:10) 
IDA GS csc coc cia Oo aaruroeenwe rie ecu eees nae debate 


Bismark brown (2%) may be used, but the staining period should be longer. 
In making reports be sure to specify the counter-stain used.” 
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The results of this work received from the individual investigators 
were drawn up in such a way as to indicate which of the samples of 
gentian violet, if any, were more satisfactory for the Gram stain. 
The samples were scored and graded by a uniform method and it 
was found that nearly all of the samples of stains evaluated in this 
way showed about the same rank. It was, however, realized that the 
actual results were not as constant as they should theoretically have 
been and the following statement was made in the 1922 report: 
“Quite in contrast to the uniformity of these average results is the 
variation in the reports from the individual investigators. In spite 
of the standardized technic used in the work there is not a single 
sample in regard to which entirely consistent results have been 
made, and practically every sample that has been tested more than 
four or five times has been reported good or excellent by some in- 
vestigator and unsatisfactory by some other. This suggests that 
either the personal equation is one that cannot be eliminated entirely 
or else that some point in the technic requires further standardization. 
The chief points which have been mentioned so far as susceptible to 
further standardization are: temperature at which the cultures are 
incubated, strength of alcohol used for decolorization, length of time 
of decolorization, and nature of the counter-stain used. It is very 
doubtful whether variation could be avoided by controlling all these 
factors; but the committee hopes to plan a further investigation 
along this line simply to test out some of these points in regard to the 
Gram technic. In a recent paper, Burke (1922) has suggested the 
importance of some of these factors, but it seems as tho a cooperative 
experiment might give more light on the subject than any study 
made by a single observer.” 

One of the organisms distributed among the collaborators in the 
work of 1921-22 (namely the coccus) had been selected on account 
of its tendency to give variable results with the Gram stain, altho 
apparently Gram-positive in its reaction. It was thought that such 
an organism would give a more severe test of the different gentian 
violet samples than a strongly positive or strongly negative culture. 
Such proved to be the case; for practically every investigator found 
every sample tested to give correct results with B. cereus and with 
the fluorescent pseudomonad, but often encountered variable results 
with the coccus. — 

From the standpoint of standardizing the Gram technic, the 
constant results obtained with B. cereus and the fluorescent rod were 
regarded as very encouraging. No previous cooperative work 
undertaken by the committee has shown such uniformity in results 
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of the Gram technic; and it was considered that the explanation 
must be the use of the same cultures and the same technic by every 
investigator. It was hoped that still further standardization of the 
technic might make results even more uniform. 


PLAN OF THE PRESENT INVESTIGATION 


The later investigation (carried out in 1923) was, therefore, 
planned in such a way as to avoid all possible variations in technic. 
All the cultures were handled in the chairman’s laboratory and smears 
made upon slides all at the same time for distribution to the various 
collaborators. Different cultures, however, were selected for this 
test: one an impure culture of the diphtheria organism from a throat 
smear; and five others (including the coccus of the previous work) 
which were known to have a tendency toward variation in their 
Gram reaction. 

Besides having the smears made under exactly uniform conditions, 
an effort was made to secure greater uniformity in the technic. The 
same two procedures as before were sent to each collaborator with 
exact directions as to the length of time for each step in the technic. 
At the same time each investigator was asked to select for a third 
method any procedure with which he was most familiar, so as to see 
if less uniformity would be secured when the technic was varied 
among the different investigators than when it was kept constant. 
Two samples of gentian violet were sent each investigator, one which 
had been previously found to give good results, the other poor. 

The whole procedure thus called for six different staining solutions. 
Accordingly, each investigator was furnished with twelve different 
slides from the chairman’s laboratory, so that each method could be 
run in duplicate. 

Results were reported by ten different collaborators; thus reports 
were made on 120 different slides. Each one was asked to send his 
slides, after his own report was sent in, to one of the others to be 
read, so that the two sets of readings could be compared. This was 
done in three instances, as shown in the accompanying tables. 


RESULTS 


The results in general were so constant that they do not need to 
be tabulated and can be discussed in a few words. 

The diphtheria organism was reported positive by nearly everyone; 
but as there was an unintentional Gram-negative impurity present, 
some of the collaborators were uncertain which to report upon, and 
results were difficult to interpret. 
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Culture 2 yielded very constant results. Everyone reported it as 
positive or as variable, except in one instance when it was found 
negative upon staining with the sample of dye which had been 
found unsatisfactory in earlier work. 


TaBLe 1. Gram ReacTION oF CULTURE 3. 
(as reported by ten collaborators denoted by letters A-J). 
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Culture 4 was ordinarily reported positive; altho on eight of the 
slides it was found to be negative. Six of these eight slides were 
stained with the poor sample of dye. Similarly Culture 5 was 
ordinarily reported positive, altho six slides (four stained with the 
poor dye sample) made it appear negative. 


{ Stain B} 
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Culture 3, however,was the coccus used in the earlier investigations, 
and results with this were much more variable than with any of the 
cultures just discussed. They are listed in Table 1. Omitting the 
instances which were reported as variable or doubtful, there was 
practically one negative report for each two positives. One investi- 
gator reported this organism as negative in every instance; but even 
leaving out his report, there were about eight slides on which it 
seemed distinctly negative. It is very plain that this coccus, altho 
showing a tendency to be positive, cannot be regarded as so definitely 
positive as the four just discussed. Evidently, moreover, the technic 
was not sufficiently standardized even in this experiment to give 
uniformity in results. 

Culture 6 showed perhaps even more variation. Two investigators 
found it negative thruout; but so much variation was observed by 
the other collaborators that no one of them could have safely pro- 
nounced it as prevailingly negative or prevailingly positive without 
seeing the results of the others. The organism, apparently, shows a 
tendency to be negative, as there are nearly three times as many 
negative reports as positive; but it cannot be considered negative in 
the sense that the fluorescent rods are Gram-negative. 

Discussion 

When this work was begun it was hoped that it might show how to 
standardize the Gram technic sufficiently so that uniform results 
might be had in different laboratories. From that point of view, 
however, the results were discouraging. Itis difficult to see how to 
make the technic more uniform than in this last experiment; and 
yet the results obtained were no more constant than in the previous 
work. 

The publication of these results has been withheld until now 
because they did not seem to contribute much of value to the technic 
of the Gram stain. They are now published largely because the 
recent papers of Churchman (1927) and Stearn and Stearn (1925) 
show that they may have theoretical if not practical value. 

Churchman states that with some organisms the Gram reaction 
is “stable,” with others “unstable.” Stearn and Stearn show that 
as judged by affinity for gentian violet on the one, hand and acid 
fuchsin on the other, Gram-positive organisms seem to have an iso- 
electric point at about pH=2-3, and Gram-negatives at about 
pH=5, while there are certain Gram-variable bacteria (illustrated 
hy the diphtheria and dysentery organisms) whose isoelectric points 
lie between these two ranges. Their results would indicate that to 
obtain a successful differentiation between positives and negatives, 
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the Gram technic should be performed at a controlled reaction of 
about pH=4. At such a reaction the variable group might appear 
positive or negative according to circumstances, and one would 
therefore conclude that to distinguish this group from the distinctly 
positive and distinctly negative forms the technic would have to be 
repeated with variation in reaction or in some other particular. 

Burke (1922, 1926) also recognized the influence of reaction; but 
in the technic he favors it is controlled by the presence of sodium 
bicarbonate in the staining solution, which should thus be about 
pH=8s. The reason Burke obtains a better differentiation at this 
reaction, while the Stearns find the distinction most pronounced 
under distinctly more acid conditions is undoubtedly because Burke 
uses the complete Gram procedure while the Stearns stop after use 
of the decolorizing agent (acetone) and do not apply a counterstain. 
It is well known that even the least powerful counterstains used in 
this technic have some influence in withdrawing the primary stain 
from cells that would appear positive with no counterstaining. 
Probably, therefore, a lower hydrogen-ion concentration is necessary 
to prevent normally positive organisms from appearing negative 
wher a counterstain is employed than when none is used. 

The present cooperative investigation agrees well with those of 
Churchmen and of the Stearns in showing that some organisms are 
neither distinctly positive nor distinctly negative to the Gram 
reaction, but should rather be called Gram-variable. A Gram- 
variable organism may show a tendency to be either positive or 
negative; but it seems hopeless to devise a technic to make every one 
of these variable organisms fall in one of the two groups showing a 
definite Gram-reaction. This is particularly true if, as claimed by 
Stearn and Stearn, the difference is one of isoelectric point; for it is 
obvious that such a difference is one of degree only and that so many 
intermediate positions between the two extremes are possible that 
no sharp qualitative distinction can be made. From the standpoint 
of classification, therefore, the Gram-variable bacteria must be 
recognized as intermediate between the positive and the negative 
groups. It is quite possible they can be distinguished from other 
bacteria by. a technic like that used by the Stearns. 

It must be realized, however, as pointed out by Burke (1926) 
that many of these conclusions apply only to the Gram stain as 
employed in pure culture work on unknown bacteria. The Gram 
technic, on the other hand, is probably used more in diagnostic work, 
for determining the kind of organism present in the body or its 
discharges, than in the study of pure cultures; and in nearly all such 
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instances the bacteria to be distinguished one from another are 
distinctly positive or negative if a suitable technic is employed. 
There is nothing in the present work to contradict Burke’s opinion 
that the technic may be sufficiently standardized to obtain uniform 
results under such conditions. 
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THE VALUE OF THE SMEAR METHOD FOR PLANT 
CYTOLOGY 


Berwinp P. KauFMANN, 
Southwestern College, Memphis, Tenn. 


AxBsTRACT.—The smear method of plant cytology as described by 
Taylor, presented difficulties in obtaining an adequate stain with 
the iron-alum haematoxylin combination. The writer has largely 
avoided those difficulties by curtailing the times of mordanting and 
of staining. The smear method has been applied by the writer in 
the study of microsporogenesis in the monocotyledonous genera 
Tradescantia and Rhoeo and in the dicotyledonous genus Podophyllum. 
Due to the rapidity with which permanent preparations can be 
completed by the smear method, there is presented a valuable 
means for securing a more critical evaluation of the available 
preservatives. 

The smear method for plant cytology described by Taylor! has in 
the short time since its inception proved a valuable supplement to 
the paraffin and celloidin technics. Its primary advantages lie in the 
possibility of securing excellent permanent preparations and in the 
conservation of time effected by the elimination of the details of 
imbedding and sectioning. Smears of plant cells by this technic 
are necessarily restricted to those phases of microsporogenesis 
following the segmentation of the sporogenous tissue. Moreover, 
the worker is required to consider entire cells without the aid of the 
serial sections so advantageous for the study of details. 

A summary of Taylor’s procedure follows. Anthers are crushed 
and the extruded cells smeared with a flat honed scalpel on a glass 
slide which is immediately inverted on the fixing fluid. After about 
fifteen minutes the slides are removed to water, washed thoroly, 
bleached, rinsed, and then stained in iron-alum haematoxylin. 
Taylor noted that the chief difficulty encountered was that of secur- 
ing a brilliant stain, some batches of slides appearing muddy despite 
care. The present writer encountered the same trouble in early 
efforts to secure consistently good results, but the following altera- 
tions in the staining schedule increased materially the proportion of 
usable slides. Instead of mordanting in 2% iron-alum for a period 
of four to twelve hours, as suggested by Taylor, the same concentra- 
tion was used for forty-five minutes to one hour. Washing in running 


1Taylor, Wm. Randolph. The smear method for plant cytology. Bot. Gaz. 78, 
236-238. 1924. 
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water followed for about ten or fifteen minutes. The staining process 
was curtailed to twenty or thirty minutes in a 0.25 to 0.5% 
solution. The necessary time can be estimated after a few trial 
experiments by the color concentration in the cells. As soon as a 
deep purplish-black appeared it was found advisable to transfer the 
slides to water. Differentiation in the 0.5% solution of ammonio- 
ferric alum could then more often be completed prior to the appear- 
ance of a muddy color than was possible with the prolonged staining. 

The iron-alum was diluted as desired from a 20% stock solution. 
The haematoxylin was of American manufacture and certified by 
the Commission on the Standardizaton of Biological Stains. No 
advantages seemed to accrue by allowing the solution to “ripen” 
for any considerable time. Often the cyrstals were dissolved not 
more than one hour prior to the time of staining. The solutions were 
used but once or twice as a further caution against the muddy color. 

Efforts that were made to stain the smears with the safranin- 
gentian-violet combination did not give as satisfactory results as 
with the iron-alum haematoxylin. A brilliant red was easily obtain- 
able but since the smears present the entire cell for observation with 
the chromosomes usually surrounded by cytoplasm it became ex- 
tremely difficult to stain the latter with gentian violet without 
shadowing the chromatic material. 

The curtailed periods of staining facilitate the handling of a 
considerable number of slides in the course of a day. If a suitable 
plant is available, which shows active cell division during the morning 
hours, it is possible to smear forty or more slides at that time and 
present the permanent mounts by evening. The writer has found a 
flat honed scalpel with a straight cutting edge the most advantageous 
for making smears. Small anthers like those of T’radescantia (spider- 
wort) and Rhoeo can be crushed and the contents spread with one 
stroke of the scalpel. While spreading the cells, an effort is made to 
increase gradually the pressure on the scalpel. In this way some cells 
will usually be found deposited in but a single layer, altho others 
may be badly crushed. Some excellent preparations of chromosome 
structure have been obtained at that intermediate zone where the 

pressure on the scalpel was great enough to rupture the cell wall 
' but not sufficient to destroy the protoplast. Success in preservation 
is due evidently in these cases to the instantaneous penetration of 
the fixative. 

The ability to complete a number of preparations in the course 
of a single working day creates the possibility of a more critical 
evaluation of the fixing fluids than was previously possible. If 
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plants with an extended period of flowering are selected, the oppor- 
tunity is offered during that time for testing a number of types and 
modifications of types of fixatives. The results are perhaps more 
accurate then with imbedded material, for by the elimination of the 
dehydration and the infiltration processes, possible sources of error 
are avoided. A series of experiments of this nature was conducted 
by the writer on the monocotyledonous plants, Tradescantia pilosa 
(the spiderwort) and Rhoeo discolor (syn. Tradescantia discolor), both 
members of the Commelinaceae. The dicotyledonous plant, 
Podophyllum peltatum (the may apple or mandrake) was also used 
and altho it provided excellent material for the making of smears, 
the flowering period was considerably shorter than that of the above 
genera. Of the various fixatives employed the chrom-osmic-acetic 
acid and the picric-acetic-formaldehyde combinations proved the 
best. In most cases penetrability was enhanced by the additions of 
such adjuvants as lactose, maltose and urea in concentrations rang- 
ing from 1 to 5%. It is _ impossible, however, to detail a 
single formula which proved adaptable to all the phases of meiosis. 
For example, Bouin’s fluid plus maltose was excellent for preserving 
the later prophase stages of the first maturation division but was 
not so adaptable to other phases. Such selective action is in harmony 
with the observation of Herlant? who found variation in the permea- 
bility of sea urchin eggs during the various phases of cell division. 

It seems that the better preservation of plant cells and of cell 
structures can be obtained only by a more careful evaluation of the 
various preservatives at our command and in the establishment of 
methods accelerating the penetration of those fixing agents. Ap- 
parently the smear method has created greater possibilities in these 
respects. 


*Herlant, M. Le cycle de la vie cellulaire. Recherches physiologiques sur la division 
de la cellule. Ann. & Bull. Soc. Roy. Sci. Med. and Nat., Bruxelles 4,112-117. 1920. 





STAINING WITH PHLOXINE 


CHARLES J. CHAMBERLAIN, 
Department of Botany, University of Chicago 


AxsstractT.—A double stain with Magdala red and anilin blue has 
sometimes given very satisfactory results; but, just as often, has 
been entirely worthless. The reason for the discrepancy seems to 
be that stains sold under the name of Magdala red are of various 
composition, some of them containing no Magdala red at all. The 
standardized stain phloxine seems to be identical with successful 
lots of Magdala red and results are rather uniformly successful. 
Detailed directions for staining with phloxine and anilin blue will 
be published in a forthcoming number of Stain Technology. 


Ever since the Venetian turpentine method was introduced into 
the United States there has been more or less uncertainty in securing 
a good double stain with Magdala red and anilin blue. In the latest 
edition (1923) of my ‘Methods in Plant Histology” it is stated that 
with this combination “the surprising beauty of successful prepara- 
tions will compensate for whatever failures may occur.” 

Gribler furnished two brands of Magdala red, one marked “echt,” 
and the other without any qualifying adjective. The latter was the 
only one of any value in the Magdala red and anilin blue combina- 
tion; but even with the same collection of material, results were 
erratic and we concluded that with two stains, one of which required 
a trouble making mordant, the factors were too numerous for 
uniform results. 

When it became impossible to get Griibler dyes, the National 
Aniline and Chemical Company analyzed some small samples of the 
Gribler Magdala red and found that they were not uniform. They 
sent me some dry stain marked “Special Dye” and it behaved like 
the best Magdala red. This sample, I learned later, was phloxine, 
which has now been added to the list of standardized stains. Since 
that time we have used many bottles of phloxine and results are 
becoming more and more uniform, so that it is possible to give more 
definite directions than those described in my book on methods. 

A very large collection of Ulothrix, with zoospores and gametes in 
all stages of development, was secured on April 22. Some of it was 
fixed in a solution of formalin (10 c.c.), acetic acid (5 ¢.c.) and water 
(85 ¢.c.); and some in chromo-acetic acid (chromic acid, 1 g., acetic 
acid, 1 ¢.c., water, 100 ¢.c.). In one lot, 20 drops of a 1 per cent 
solution of osmic acid was added to 100 c.c. of the chromic acid 
solution. There was no plasmolysis in any of the material. 
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After a thoro washing in water, the material was placed in 1() 
per cent glycerin, which was allowed to concentrate and was then 
washed out with 95 per cent alcohol. If the washing is not thoro, 
even a trace of glycerin remaining in the filaments will interfere 
with clean, sharp staining. 

Pfeiffer and Wellheim,! who devised the Venetian turpentine 
method, used 1 g. of Magdala red (not “echt’’) in 100 c.c. of 85 per 
cent alcohol, and diluted the solution considerably, adding only a 
little of it to 85 per cent alcohol for staining. With the occasional 
satisfactory lots: of Gribler’s *Magdala red we have had better 
success using a one per cent solution in 90 per cent alcohol, allowing 
it to act at full strength over night or even for 24 hours. 

Phloxine, from the National Aniline and Chemical Company, has 
given very uniform results for a couple of years. In alcoholic solution, 
it is highly fluorescent and has a distinctly yellowish tinge. We make 
a one per cent solution in 90 per cent alcohol and allow it to stain 
over night or for 24 hours. Pour off the stain, which can be used 
repeatedly, rinse for a minute in 90 per cent or 95 per cent alcohol, 
and then stain for one minute in a one per cent solution of anilin 
blue in 90 per cent alcohol. We have had no trouble with Grabler’s 
anilin blue or with that furnished by the National Aniline and 
Chemical Company, or by Coleman and Bell. 

Up to this point there is no danger of making a mistake; but the 
anilin blue must be treated with a weak solution of hydrochloric acid 
which may remove all of the red stain. The acid should be very 
weak. Put a few drops into a bottle holding 20 or 30 c.c.; fill the 
bottle with water and then pour it all out, even shaking it. Then 
fill the bottle with 95 per cent alcohol and there will still be enough 
acid for a mordant. Pour it on the material and allow it to act for 
3 or 4 seconds, then pour it off and add 95 per cent alcohol, changing 
quickly two or three times to remove the acid; then add absolute 
alcohol, changing two or three times to insure complete dehydration. 
The treatment with absolute alcohol need not take more than 4 or 5 
minutes. 

Examine it. If the chromatophore shows a clear, clean blue and 
the pyrenoids and nucleoli, a bright red, the stain is good. If the 
red has been drawn out too much by the acid, put the material into 
phloxine for half an hour or so, and then wash in 95 per cent alcohol 
and dehydrate. If the red is bright, but the blue is too weak, repeat 


1Pfeiffer, F. und Wellheim, R. Sur Preparation der Siisswasser Algen. Jahrb. Wiss. 
Bot. 26,674-732. 1894. 
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the staining in anilin blue. However, in 20 lots of Ulothrix, there 
were only two in which it was necessary to repeat any staining. 

One might suggest that the anilin blue be used first and that the 
phloxine be applied after the troublesome acid has been washed 
out. We tried it repeatedly, and sometimes with success; but often 
the blue was lost or weakened and results were not so uniformly 
successful as with the conventional method. 

We have also tried this method with an extensive series of cultures 
of Saprolegnia diclina, the original culture having been furnished by 
my friend, Prof. W. C. Coker. The eggs stain red, while the cell 
walls take a rich blue, making a very effective combination. 

Dickson? used Magdala red and light green to differentiate patho- 
gen and host. A few preliminary trials indicate that it might be 
worth while for pathologists to develop the phloxine and anilin blue 
method for such differentiation. 

While phloxine and anilin blue yield beautiful and effective 
preparations of many of the algae and fungi, the combination is not 
to be compared with HarpENHAIN’s iron alum haematoxylin for 
differentiating nuclei and mitotic figures. For the most effective 
mounts of Ulothriz and most small forms, it is well to mount, under 
the same cover, some material stained in haematoxylin and some 
stained in phloxine and anilin blue. 


2Dickson, B. The differential staining of pathcgen and host. Science, N. S. 52: 
63-64. 1920. 





ENVELOPES FOR FILING MICROSCOPIC SLIDES 


H. J. Conn and Racuet Haynes. New York Agricultural 
Experiment Station, Geneva, N. Y. 


A recent paper by J. H. Brown! calls attention to a simple 
metallic holder in which microscopic slides can be filed in an ordinary 
filing drawer intended for 3 by 5 inch cards. The present paper is 
written not to criticise this device but to call attention to a simple 
home-made holder that is in use in this laboratory for the same 
purpose. 

The device in use here is not entirely new. The writers’ attention 
was called sometime ago to a slide envelope prepared by the Paperiod 
Co., for Dr. McClung at the University of Pennsylvania. This 
envelope used by Dr. McClung, like the metallic device of Dr. Brown, 
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Fig. 1. A 3 by 5 inch filing envelope of “‘paperoid” stock, as used in the Zoological 
laboratory, Univ. of Pennsylvania. Capacity, four slides. 


fits a drawer for 3 by 5inch cards. A sketch of this envelope is shown 
in Fig. 1. Slide envelopes of this description have to be made to 
order at present and are comparatively expensive. 

It was desired here to adopt the same idea but in some form that 
could be made up in the laboratory and which would also provide 
more space for recording information about the slides. A modifica- 
tion of this scheme was, therefore, worked out, and it has proved 
extremely satisfactory. A 4 by 6 inch horizontally-ruled index card 


1Brown, J. H. A new device for filing microscopic slides. Science, 6f. 65, 501-2. 
1927. 
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is trimmed at one end so as to be only 57% inches long. (If a paper 
cutter designed for this purpose is available, 100 of these cards 
can be thus trimmed at once.) An ordinary letter envelope 6 inches 
long is then cut in two horizontally. (With a type of paper cutter 
referred to, this operation can be performed on about 50 envelopes 
at one operation.) Both the top and the bottom half of the envelope 
can be used. The top half is employed with the flap in position for 
sealing but not necessarily sealed. The card which has previously 
been trimmed is now inserted into one of these half envelopes and 
three staples are introduced in the positions shown in Fig. 2. A 

















’ Fig. 2. A 4 by 6 inch filing envelope made of an horizontally ruled index card inserted 
in half of an ordinary correspondence envelope. Capacity, eight slides, four in 
front and four in back. 


little difficulty was experienced in finding a stapling machine just 
adapted for this work. The ordinary office stapling device will 
not deliver a staple as far from the margin as the central position 
indicated. A stapling machine was finally located, however, known 
as the “Speed fastener” which was adapted to this purpose and has 
proved very useful in the laboratory in many other ways. 

This filing envelope holds eight slides if desired, four in front 
and four in back. Seven lines on the card are available for recording 
the nature of the material on the slides or describing the technic. 
These envelopes may be filed in a drawer intended for 4 by 6 inch 
cards. The amount of space available for written matter on this 
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filing envelope seems a distinct advantage in favor of this. device, 
in addition to the low cost with which it can be manufactured. The 
only disadvantage over the other two devices described that occurs 
to the writers is that drawers for 4 by 6 inch cards are not so generally 
available as those for 3 by 5 inch cards. 

If this objection appears serious, it is perfectly possible to make 
a similar device using a 3 by 5 inch card, and with only two staples 
instead of three. Such an envelope would hold six slides, and less 
space would be available for written matter. Slide envelopes of this 
size, altho easier to file in an ordinary filing case, are a little more 
difficult to prepare, because envelopes 5 inches long are not so readily 
obtained as the standard 6 inch envelope. 

It is hoped that this filing device may be of interest in other 
laboratories. 





